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.2013.08.Abstract Protease enzyme from Bacillus megaterium was successively puriﬁed by ammonium sul-
fate precipitation, ion exchange chromatography on DEAE-cellulose and gel ﬁltration chromatog-
raphy on Sephadex G-200. The puriﬁcation steps of protease resulted in the production of two
protease fractions namely protease P1 and P2 with speciﬁc activities of 561.27 and 317.23 U mg1
of protein, respectively. The molecular weights of B. megaterium P1 and P2 were 28 and 25 KDa,
respectively. The puriﬁed fractions P1 and P2 were rich in aspartic acid and serine. Relatively higher
amounts of alanine, leucine, glycine, valine, thereonine valine and glutamic acid were also present.
The maximum protease activities for both enzyme fractions were attained at 50 C, pH 7.5, 1% of
gelatine concentration and 0.5 enzyme concentrations. P1 and P2 fractions were more stable over
pH 7.0–8.5 and able to prolong their thermal stability up to 80 C. The effect of different inhibitors
on the protease activity of both enzyme fractions was also studied. The enzyme was found to be
serine active as it had been affected by lower concentrations of phenylmethylsulfonyl ﬂuoride
(PMSF). Complete dehairing of the enzyme-treated skin was achieved in 12 h, at room temperature.
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Proteases are one of the most important industrial enzymes
produced by a wide range of microorganisms such as bacteria,70931; fax: +20 55 24422960.
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001yeasts, molds and are also found in plants and in various ani-
mal tissues [35]. Bacterial proteases are mostly extracellular,
easily produced in larger amounts, thermostable, and active
at a wider pH range. Protease from Bacillus has been puriﬁed
and characterized, and signiﬁcant activity, stability, broad sub-
strate speciﬁcity, short period of fermentation, simple down-
stream puriﬁcation and low cost have been demonstrated
[15,24]. These properties make the bacterial proteases most
suitable for a wider industrial application. Proteases represent
one of the three largest groups of industrial enzymes and ﬁnd
application in detergents, leather industry, food industry,
pharmaceutical industry and bioremediation processes [3,12].cademy of Scientiﬁc Research & Technology.
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ferred source of these enzymes because of their rapid growth,
the limited space required for their cultivation and the ease
with which they can be genetically manipulated to generate
new enzymes with altered properties that are desirable for their
various applications [3,7]. Bacillus produces a wide variety of
extra-cellular enzymes, including proteases. Several Bacillus
species were involved in protease production i.e., Bacillus cereus,
Bacillus sterothermophilus, Bacillus mojavensis, Bacillus mega-
terium and Bacillus subtilis [32,7,6,11]. The largest application
of proteases is in laundry detergents, where they help in remov-
ing protein based stains from clothing [5,6]. For an enzyme to
be used as a detergent additive it should be stable and active in
the presence of typical detergent ingredients, such as surfac-
tants, builders, bleaching agents, bleach activators, ﬁllers, fab-
ric softeners and other various formulation aids. In textile
industry, proteases may also be used to remove the stiff and
dull gum layer of sericine from the raw silk ﬁber to achieve im-
proved luster and softness. Protease treatments can modify the
surface of wool and silk ﬁbers to provide new and unique ﬁn-
ishes. Proteases have been used in the hide dehairing process,
where dehairing is carried out at pH 8–10 [17]. Proteases are also
useful and important components in biopharmaceutical prod-
ucts such as contact lens enzyme cleaners and enzymatic debrid-
ers [4]. The proteolytic enzymes also offer a gentle and selective
debridement, supporting the natural healing process in the
successful local management of skin ulcerations by the efﬁcient
removal of the necrotic material [31]. In this paper we aimed
to purify and characterize neutral protease from local bacterial
isolate and evaluate as dehairing enzyme.
2. Materials and methods
2.1. Isolation, screening and identiﬁcation of protease-producing
bacteria
Out of 30 bacteria isolated from the local soil, B. megaterium
NRC had a higher enzyme production than the others used
in this study. The potent protease producing bacterium has
been identiﬁed based on morphological and physiological
characteristics determined using Biolog GP2 MicroPlate, as
well as characteristic reaction pattern called a ‘‘metabolic ﬁn-
gerprint’’. The metabolic ﬁngerprint patterns were compared
and identiﬁed using the Micro Log database software [10].
The isolate was placed in the culture collection of the Micro-
bial Biotechnology Department, National Research Center,
Dokki, Cairo, Egypt. The isolates were cultivated on a gelatin
liquid medium containing (g/L): gelatin, 10; yeast extract, 1.0;
KHPO4, 0.5; NH4HPO4, 0.5; CaCl2, 0.1; MgSO4.5H2O, 0.05
at pH 7.0. A loopfull from each bacterial isolate was used to
inoculate100-ml Erlenmeyer ﬂasks each containing 20 ml li-
quid medium. Flasks were incubated at 50 C for 72 h. The
culture broth was centrifuged for 15 min at 5000 rpm and
the supernatant was used to determine enzyme activity.
2.2. Protease enzyme production
One-hundred mL of gelatin liquid medium in a 1 L shake ﬂask
was inoculated with 1 mL of B. megaterium culture (24 h-old),
and incubated at 50 C with a shaking incubator (150 rpm)
for 24 h. The cell-free enzyme supernatant was obtained bycentrifugation at 5000 rpm for 30 min at 4 C. The supernatant
was used as the enzyme source.
2.3. Enzyme assay
Protease activity was measured by the method of Takami et al.
[33] using gelatin as substrate. A 0.5 ml of enzyme was mixed
with 0.5 ml of 1% gelatin solution in 0.2 M phosphate buffer
pH 7.5, and the reaction mixture was incubated further for
60 min at 50 C. The reaction was stopped by an addition of
0.5 ml of 10% TCA and the mixture was allowed to stand
for 10 min at room temperature. Soluble peptides were
separated by centrifugation for 10 min, using centrifuge
(Sigma-Laborzentrifugen, 2K 215). The absorbance of the
TCA-soluble peptides in the supernatant was measured at
280 nm. A control assay, without the enzyme in the reaction
mixture, was done and used as the blank in all spectrophoto-
metric measurements. One unit of enzyme activity was deﬁned
as the amount of enzyme, under given assay conditions that
gave rise to an increase of 1 unit of absorbance at 280 per
minute of digestion. The number of units of activity per mg
protein was taken as the speciﬁc activity of the enzyme.
2.4. Protein determination
Protein content was determined by the dye binding assay
according to Bradford [8] using bovine serum albumin as a
standard protein. Absorbance at 280 nm was used for monitor-
ing protein in column elutes [36].
2.5. Puriﬁcation of protease enzyme
2.5.1. Step 1: precipitation by ammonium sulfate
Cell-free supernatant was collected by centrifugation. Ammo-
nium sulfate was slowly added to the supernatant to 60% satu-
ration and the mixture was incubated overnight at 4 C. The
precipitated protein was obtained by centrifugation for 20 min
at 5000 rpm at 4 C. The obtained pellet was re-suspended in a
10 mL of ice-cold 0.2 M phosphate buffer pH, 7.5 and then sub-
jected to a process of dialysis against the same buffer to get rid of
the excess of ammonium sulfate and then made up the ﬁnal vol-
ume up to 30 mL. The protease activity and protein concentra-
tion were measured and the speciﬁc activity was calculated.
2.5.2. Step 2: chromatography on DEAE-cellulose
The dialyzed enzyme was applied to DEAE-cellulose column
(50 · 2.0 cm, i.d.) previously equilibrated with phosphate buffer
0.2 M (pH 7.5). The adsorbed protein was eluted with a stepwise
NaCl gradient ranging from 0.0 to 0.7 M prepared in 0.2 M
phosphate buffer (pH 7.5) at a ﬂow rate of 0.8 mL min1. Five
ml fractions were collected wherein eluted fractions were moni-
tored at 280 nm for protein and assayed for enzyme activity.
The peak with the highest protease activity was dialyzed against
0.2 M phosphate buffer (pH 7.5) and concentrated by dialysis
against solid sucrose. The protease activity and protein concen-
tration were measured and the speciﬁc activity was calculated.
2.5.3. Step 3: chromatography on Sephadex G-200
Active fractions, from DEAE-cellulose step, was desalted prior
to loading into Sephadex G-200 column (90 · 2.4 cm, i.d.)
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and developed at a ﬂow rate of 0.5 mL min1. Five ml frac-
tions were eluted with the same buffer and the eluted enzymes
were concentrated and kept in an ice bath.
2.6. Polyacrylamide gel electrophoresis
Polyacrylamide gel electrophoresis (SDS), under non-denatur-
ing conditions, was performed to enzyme purity. Electrophore-
sis was established in 10% (w/v) acrylamide stab gel according
to the method of Davis [9] using a Tris-glycine buffer at pH
8.3. Protein bands were located by staining the gel with Coo-
massie Brilliant Blue R-250.
2.7. Molecular weight determination
Subunit molecular weight was determined by SDS-polyacryl-
amide gel electrophoresis [20]. SDS-denatured phosphorylase
b (97,000), bovine serum albumin (67,000), ovalbumin
(45,000) and carbonic anhydrase (30,000) were used as stan-
dard protein molecular weight markers.
2.8. Analysis of amino acid
The puriﬁed enzyme was hydrolyzed with 6 N HCl in a sealed
tube at 110 C for 24 h. Amino acid analysis was carried out
using LC3000 Amino acid analyzer (Eppendorf, Biotronic,
Maintal, Germany) equipped with a (75 · 6.0 mm) BTC guard
column and BTC 2140 main column (145 · 3.2 mm) with the
following conditions: Flow rate: 0.2 ml min1, pressure of buf-
fer from 0.0 to 50 bar, pressure of reagent from 0.0 to 150 bar
and reaction temperature 123 C.
2.9. Characterization of puriﬁed protease
2.9.1. Optimum of pH and temperature
The optimum pH of the pure enzyme was determined by
replacing 0.2 M phosphate buffer pH 7.5 in the protease assay
with the following buffer: sodium acetate buffer 0.2 M (pH
4.0–5.5), phosphate buffer 0.2 M (pH 6.0–8.0) and glycine-
NaOH buffer (pH 8.5–10.5). The reaction was carried out
using the protease assay procedure mentioned above. The opti-
mum temperature of the pure enzyme was determined by incu-
bating the reaction mixture of the protease assay at different
temperatures ranging from 20 to 70 C for 60 min. Then the
reaction was carried out according to the protease assay
mentioned.
2.9.2. pH and thermal stability
The pH stability of the pure enzyme was measured by incubat-
ing 2.0 ml of pure enzyme with 2.0 ml of 0.2 M sodium acetate
buffer (pH 4.5–5.5), 0.2 M phosphate buffer (pH 6.0–8.0) and
0.2 M glycine-NaOH buffer (pH 8.5–10), respectively at 40 C,
without a substrate for 30 min. The remaining activity of the
enzyme was measured by the standard assay method. The tem-
perature stability of the enzyme was measured by incubating
2.0 ml pure enzyme with 2.0 ml buffer (0.2 M phosphate buf-
fer, pH 7.5) without a substrate at different temperatures
(20–10 C) for 30 min. Standard protease assay was performed
to determine its residual activity.2.9.3. Effect of metal ions and inhibitors
The effect of some metal ions and other enzyme inhibitors at
0.1 mM, 1.0 mM and 10 mM was also studied [29]. To study
the nature of this enzyme (serine or metal), ethylene diamine
tetra acetic acid (EDTA) and ethylene glycol-bis (ß-aminoethyl
ether)-N,N,N’N’-tetra acetic acid (EGTA) were used as chela-
tors. The phenylmethyl-sulfonyl ﬂuoride (PMSF) was used as
serine inhibitor.
2.10. Enzyme use in dehairing
Two sets of cow hides were washed and cut into 10 · 10 cm
pieces. One set from the pairs (controls) was put in to ﬂask
containing distilled water. The other halves were put into a
ﬂask containing the enzyme solution by keeping liquid (mL)
to gram hide proportion one to one [25,21] and incubated at
50 C in a shaker at 100 rpm for 24 h. To assess dehairing ex-
tent one ﬂask at a time was taken for hair removal trail with
ﬁngers. The skin pieces after treatments were examined for
dehairing time, dehairing extent, and scud.
3. Results and discussion
3.1. Microorganism
Different bacteria were isolated from the soil to determine if
they produced protease. Among 30 strains tested some showed
protease activity. The most potential strain is a Gram positive
and rod-shaped bacterium, 3.7–7.5 lm in length and 0.5–
1.0 lm in width that grew at pH 5.5–8.0 with an optimal pH
of 7.0 and at 30–60 C with an optimal temperature of
50 C. Among these strains, B. megaterium had the highest
protease activity.
3.2. Puriﬁcation of protease
The bacterial culture supernatant containing the active prote-
ase enzyme having a speciﬁc activity of 41.09 U mg1 was ﬁrst
puriﬁed through protein precipitation using ammonium sul-
fate. Results presented in Table 1 show that ammonium sulfate
concentration of 60% totally precipitated protease enzyme
protein. In this step, about 73.45% of the enzyme yield was ob-
tained with 6.09 puriﬁcation fold.
The partially puriﬁed enzyme was further puriﬁed by
EDAE-cellulose ion-exchange chromatography (Fig. 1).
Although this fraction contained different proteins with differ-
ent molecular weights, two peaks A and B showed puriﬁed 9.63
and 5.42 folds with a yield of 41.19% and 18.32%, respectively
(Table 1). The active peaks A and B obtained after applying
the ﬁrst column of EDAE-cellulose was concentrated and then
applied into a second Sephadex G-200 column. The results
(Table 1) showed that only one peak was obtained in which
the most active fractions are P1 and P2. However, the most ac-
tive fractions of this peak were pooled together and then tested
for proteolytic activity. The puriﬁed fractions P1 and P2, were
13.63 and 7.72 folds with a yield of 30.54 and 11.00%, respec-
tively. The speciﬁc activity was 561.27 and 317.23 U mg1 of
protein, respectively (Figs. 2 and 3). The puriﬁed enzyme
seemed to be homogeneous, because it showed as a single band
in SDS–PAGE (Fig. 4). The molecular weight of the puriﬁed
Table 1 Summary of puriﬁcation steps of protease from B. megatherium.
Puriﬁcation steps Total activity (U) Total protein (mg) Speciﬁc activity (U mg1 protein) Puriﬁcation (Fold) Recovery (%)
Supernatant 187400 4560 41.09 1.00 100
(NH4)2SO4 (60%) 137650 550 250.27 6.09 73.45
DEAE-cellulose
A 77200 195 395.89 9.63 41.19
B 34340 154 22.98 5.42 18.32
Sephadex G200
P1 57250 102 561.27 13.63 30.54
P2 20620 65 317.23 7.72 11.00
Figure 1 Typical elution proﬁle for the chromatography of
protease on a DEAE-cellulose column (50 · 2.0 cm, i.d.) previ-
ously equilibrated with 0.2 M phosphate buffer, pH 7.5 at ﬂow
rate 0.6 ml min1 and 5 ml fractions.
Figure 2 Gel ﬁltration for the chromatography of P1 DEAE-
cellulose column (P1) on a Sephadex G-200 column (90 · 2.4 cm,
i.d.) the column was equilibrated with 0.2 M phosphate buffer, pH
7.5 at a ﬂow rate of 0.4 ml min1 and 5 ml fractions.
Figure 3 Gel ﬁltration for the chromatography of P2 DEAE-
cellulose column (P2) on a Sephadex G-200 column (90 · 2.4 cm,
i.d.) the column was equilibrated with 0.2 M phosphate buffer, pH
7.5 at a ﬂow rate of 0.4 ml min1 and 5 ml fractions.
Figure 4 SDS-PAGE for molecular weight determination of B.
megaterium protease. Lane1 Standard protein (carbonicanhydr-
ase, 30 KDa; albumn (egg), 43 KDa; bonene serum albumin,
67 KDa; phosphorylase, 97 KDa; b.galactosidae, 116 KDa), Lane
2 and 3 Sephadex G-200 of B. megaterium P1 and P2, respectively.
106 M.M.S. Asker et al.proteases P1 and P2 was estimated to be 28 and 25 kDa
respectively by SDS–PAGE (Fig. 4). The amino acid composi-
tion of the puriﬁed P1 and P2 is shown in Table 2. The puriﬁed
P1 and P2 were rich in aspartic acid and serine, and relatively
higher amounts of alanine, leucine, glycine, valine, thereoninevaline and glutamic acid were present. Other researchers have
also reported the isolation of proteases with low molecular
Table 2 Amino acid composition (mol%) of the puriﬁed
protease (P1 and P1).
Amino acid Mol%
P1 P2
Aspartic acid 17.63 18.23
Threonine 2.67 2.60
Serine 5.11 5.32
Glutamic acid 16.05 15.18
Glycine 14.32 14.22
Alanine 16.22 16.21
Valine 2.54 2.34
Methionine 7.27 7.17
Isoleucine 1.43 1.46
Leucine 4.45 4.65
Tyrosine 2.29 2.32
Phenylalanine 2.46 2.43
Histidine 3.63 3.59
Lysine 4.34 4.63
Arginine 3.52 3.52
Proline 3.24 2.78
Figure 5 Temperature optimum and stability of the two puriﬁed
protease (P1 and P2) produced by B. megaterium.
Optimum pH P1
Stabilit pH P1
Optimum pH P2
Stabilit pH P2
Figure 6 pH optimum and stability of the two puriﬁed protease
(P1 and P2) produced by B. megaterium.
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alkaline protease of 24 kDa from Bacillus pseudoﬁrmus AL-
89 to 22.6-fold purity with an 18% recovery rate. They used
ammonium sulfate precipitation, DEAE-Sepharose ion ex-
change chromatography and Sephadex G-75 gel ﬁltration
chromatography. Adinarayana et al. [2] puriﬁed an alkaline
protease of 15 kDa from B. subtilis PE-11 using ammonium
sulfate and Sepadex G-200 gel ﬁltration chromatography. A
halotolerant alkaline protease of 28 kDa was puriﬁed from
Bacillus clausii I-52 using a combination of Diaion HPA75,
phenyl Sepharose and DEAE-Sepharose column chromatogra-
phy [18]. Gupta et al. [14] puriﬁed an alkaline protease from B.
pseudoﬁrmus to 10-fold purity with an 85% yield using a single
step method with a phenyl Sepharose 6 Fast Flow column. The
apparent molecular weight of this protease, based on SDS-
PAGE, was estimated to be 29 kDa. Sareen and Mishra [28]
puriﬁed a 55 kDa alkaline protease from Bacillus licheniformis
RSP-09-37 using ammonium sulfate precipitation and afﬁnity
chromatography with a-casein agarose. The last step of puriﬁ-
cation resulted in a 55% yield and an 85-fold puriﬁcation.
3.3. Effect of temperature and pH on enzyme activity and
stability
The puriﬁed protease from B. megaterium was active and sta-
ble throughout the temperature ranges used in this study. The
temperature for the maximum protease activity was 50 C
(Fig. 5). At both 60 and 70 C, the protease was quite active,
with 80% and 54% activity, respectively. Therefore, the re-
sults reveal that the optimal temperature for B. megaterium
protease activity is 50 C. As far as protease stability is con-
cerned, the enzyme retained 100% activity in the temperature
up to 80 C (Fig. 5). The activity of alkaline proteases in broad
temperature ranges is a desired characteristic for their applica-
tion in detergent formulations. Sareen and Mishra [28] re-
ported a thermoalkaline protease from B. licheniformis. The
puriﬁed enzyme was active at a temperature range of 30–
90 C and the maximum activity of the protease was observed
at 50 C. [1] also reported an alkaline protease from B. subtiliswith a 100% stability in the temperature range of 35–55 C.
Manachini et al. [23] have reported an alkaline protease from
Bacillus thermoruber that is active in a broad temperature
range of 10–80 C, with an optimum of 45 C. An alkaline pro-
tease from B. clausii was observed to be stable in the temper-
ature range of 30–80 C, with an almost 100% activity in the
temperature range of 30–50 C [19]. In the pH activity experi-
ment, the protease was observed to be 78% active in the pH
range of 7.0–8.0, with 100% activity at pH 7.5. At pH 5.5 and
9.0, the protease activity was reduced to 8.0 and 10%, respec-
tively (Fig. 6). The pH stability studies revealed that the prote-
ase was variably stable (25–100%) in the complete pH range
that was studied. However, it exhibited good stability
(95%) in the pH range of 7.0–8.5, with 100% stability at
pH 7.5 (Fig. 6). Even at pH 6.5 and 9.0, the residual activity
was 75%. The remarkable activity and stability over a wide
pH range reveal the highly alkaline nature of this protease,
which makes it suitable for applications in alkaline environ-
ments and with detergents. Several other researchers have also
described alkaline proteases with broad pH activities and sta-
bilities. Joo et al. [19] reported an alkaline protease from B.
clausii that was stable in the pH range of 4.0–12.0, with the
Table 4 Effect of metal cations on P1 and P2 protease
activity.
Inhibitors* Concentrations (mM) Relative activity (%)
P1 P2
Control 0.0 100 100
Fe2+ 0.1 82 80
1.0 63 55
Ca2+ 0.1 103 102
1.0 110 113
Zn2+ 0.1 92 96
1.0 63 61
Cu2+ 0.1 105 102
1.0 112 111
Mg2+ 0.1 102 109
1.0 109 113
Mn2+ 0.1 97 98
1.0 71 83
The enzyme was pre-incubated for 30 min at 37 C with 1 mM of
listed metal cations prior to substrate addition. Activity in the
absence of cations was taken as 100%. Each value represents the
average of two experiments. Ach value represents mean of sample
(n= 3).
108 M.M.S. Asker et al.maximum activity at pH 12.0. Manachini et al. [23] puriﬁed an
alkaline protease from B. thermoruber that is active in a broad
pH range of 7.5–11.0, with the maximum activity at pH 9.0.
An alkaline protease from B. subtilis was observed to be stable
in the pH range of 8.0–11.0, with the highest activity at pH
10.0 [2]. An alkaline protease from B. licheniformis was ob-
served to be active in a broad pH range of 4.0–12.0, after
20 min incubation. It was 100% active at pH 10.0 and exhib-
ited 14, 28 and 40% residual protease activities at pH 4.0,
5.0 and 12.0, respectively [28].
EDTA, EGTA and PMSF had diverse effects on protease
stability and activity. The extent of protease inhibition in-
creased with increasing concentrations of PMSF (Table 3).
In contrast, 1.04.0 mM EGTA and 1.03.0 mM EDTA did
not have an effect on protease activity, indicating its stability
in the presence of reducing agents. However, EDTA at higher
concentrations of 4.0 mM decreased the protease activity to
20%. Complete inhibition of protease activity by PMSF, even
at 1.0 mM, indicates that enzyme is a serine protease with a
serine residue in it active site. PMSF blocks the active site of
protease by sulfonating the essential serine residue [7]. Effect
of various metal ions on puriﬁed enzymes P1 and P2 is pre-
sented in Table 4. At 0.1 mM concentration, there was no sig-
niﬁcant inhibition by any of the metals tested except Fe2+
which showed around 20% loss in activity. Maximum inhibi-
tion of around 40% was observed with 1.0 mM Zn2+ and
Fe2+ while at a concentration of 1.0 mM, Mg2+, Ca2+ and
Cu2+ increased the protease activity up to 110, 112 and
109% from P1 and 113, 111 and 113% from P2, respectively.
The protease secreted by a variety of bacterial species and
industrially obtainable by fermentation has been used in indus-
trial processing, in analytical chemistry and more recently in
chemical medicine, analytical and even medical usage has
been applied with the hydrolase enzymes especially in foodTable 3 Effect of protease inhibitors on P1 and P2 protease
activity.
Inhibitors* Concentrations Relative activity (%)
(mM) P1 P2
Control 0.0 100 100
EDTA 1.0 97 97
2.0 96 95
3.0 91 92
4.0 21 19
EGTA 1.0 98 98
2.0 97 97
3.0 97 96
4.0 96 94
PMSF 1.0 9 11
2.0 7 5
3.0 0 0
4.0 0 0
The protease activity was measured in the presence of inhibitors
listed. Activity in the absence of inhibitors was taken as 100%.
Each value represents the average of two experiments.
* EDTA, Ethylenediaminetetraacetic acid; EGTA, ethylene glycol-
bis(b-aminoethylether)-N,N,N0N0-tetra acetic acid; PMSF,1-10-
phenanthroline (1-10-PA), phenyl-methylsulfonyl Ach value
represents mean of sample (n= 3).processing, beverage production and clariﬁcation, sewage
treatment and many other applications [25]. A decrease in
activity was measured in the presence of two metal chelators,
EGTA and EDTA. However, inhibition by EDTA is not a
good indicator of a metalloprotease because a large number
of other enzymes require calcium for activity and EDTA is
an excellent calcium chelator [27]. The strongest inhibitor of
protease activity was 1-10-phenanthroline, which is the pre-
ferred metallo-proteinase inhibitor, as it will not remove cal-
cium [27]. Requirements of divalent metals are common to
other Pseudomonas and Burkholderia proteases. Pseudomonas
pseudomallei metalloprotease requires Fe2+ for activity [29]
and Pseudomonas aeruginosa PAO1 produces both an elastase
with Zn2+ requirements and a protease that requires both
Ca2+ and Zn2+ [26]. To evaluate the potential use of this en-
zyme as a hide depilating agent in leather industries, a pair of
cow hide was taken and added to a 250 ml ﬂask containing en-
zyme, with its pH adjusted to 7.5 and placed on a shaker
(100 rpm) for 24 h. The complete dehairing of the enzyme trea-
ted skin was achieved in 12 h, at room temperature (Fig. 7).
Since this protease has a high collagenolytic activity, it can
be used for various applications such as: skin rejuvenation,
wrinkle smoothing and dandruff removal, prophylactic on se-
nile skin changes and also removal of the atrophied epithelium
from the skin surface; festering and wet wounds; for manufac-
turing of skin and leather and getting high quality suede; and
for isolation of cells from many types of animal tissue. This
suggestive applicable value will be the subject of further inves-
tigations. Further studies were carried out to investigate fac-
tors that may affect the proteolytic activity of the crude
protease enzyme produced by the selected organism. Results
of enzymatic cow hide dehairing showed a successful use of
this enzyme as a dehairing agent. Complete dehairing of hide
was achieved at 12 h. Cow hide usually treated with dehairing
chemicals in a drum for 24 h [34]. Shortening of dehairing time
has been also reported, 20 h for Aspergilus ﬂavus protease by
Malathi and Chakraborty [22], and 9 h for keratinases of B.
Figure 7 Results of cow hide dehairing experiment: (1) control, (2) protease treated cow hide dehairing.
Puriﬁcation and characterization of two thermostable protease fractions 109subtilis S14 by Macedo et al. [21]. Thus, protease C45 has a po-
tential to substitute environmentally objectionable dehairing
chemicals for skin dehairing in leather industries and for pro-
duction of quality leather products. Enzymatic dehairing pro-
cess has been gaining importance as an alternative chemical
methodology in the present day scenario as this process is sig-
niﬁcant in the reduction of toxicity in addition to improvement
of leather quality [30]. However, most of the proteases re-
ported so far were unsuitable [16]. Proteases such as Alzwipr-
ase possessing keratinolytic activity but lacking collagenolytic
activity are having a great demand in the leather industry for
the depilating process [37].
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